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Laser engineered exciton-polariton networks could lead to dynamically configurable integrated
optical circuitry and quantum devices. Combining cavity optomechanics with electrodynamics in
laser configurable hybrid designs constitutes a platform for the vibrational control, conversion, and
transport of signals. With this aim we investigate 3D optical traps laser-induced in quantum-well
embedded semiconductor planar microcavities. We show that the laser generated and controlled dis-
crete states of the traps dramatically modify the interaction between photons and phonons confined
in the resonators, accessing through coupling of photoelastic origin g0/2pi ∼1.7 MHz an optomechan-
ical cooperativity C > 1 for mW excitation. The quenching of Stokes processes and double-resonant
enhancement of anti-Stokes ones involving pairs of discrete optical states in the side-band resolved
regime, allows the optomechanical cooling of 180 GHz bulk acoustic waves, starting from room
temperature down to ∼120 K. These results pave the way for dynamical tailoring of optomechani-
cal actuation in the extremely-high-frequency range (30-300 GHz) for future network and quantum
technologies.
I. INTRODUCTION
Trapping and potential landscape engineering through
non-resonant laser excitation is used in the exciton-
polariton domain to modify the polaritons spatial distri-
bution, their spectra, and dynamics, including the forma-
tion of one and two-dimensional lattices, with prospects
for new devices and quantum simulators1–6,8,9. In these
experiments the applied laser defines an effective po-
tential for the exciton polaritons, actuating either on
their excitonic or photonic component. The physical
mechanism that acts on the excitonic component is the
Coulomb repulsion, which increases the energy of the
coupled particles2–6. The action on the photonic com-
ponent depends on local laser-induced variations of the
refractive index, usually defining attractive potentials4,8.
This latter strategy can be also used to generate con-
fining cavities, or more arbitrary effective potentials, for
pure photons4.
Lasers are routinely used in atomic physics to engi-
neer optical traps for atoms and, in addition, to laser-
cool them by quenching the atom motion through so-
called Doppler cooling10–13. Laser trapping by optical
tweezers with vibrational cooling or stimulation have also
been demonstrated recently for centre-of-mass oscilla-
tions of nanoparticles levitated in vacuum.14–16 Concepts
related to Doppler cooling are also applied in a variety of
solid systems for optomechanical dynamical backaction
phenomena17, including cooling of mechanical vibrations
(even down to the quantum limit)18–22, and laser-induced
mechanical self-oscillation23,24. To the best of our knowl-
edge, however, such cavity optomechanical phenomena
have not been reported in condensed matter laser engi-
neered optical resonators.
In this work we demonstrate optically generated pho-
tonic traps as optomechanical devices. A planar semi-
conductor microcavity with a thick spacer constituted
by a superlattice (SL) with 41 GaAs/AlAs bilayers, is
shown to one dimensionally confine near-infrared photons
and vibrations with frequencies as high as ∼180 GHz.
Application of a green focussed laser beam induces in-
plane trapping of photons with a full discretisation of the
optical spectra, strongly enhancing the light-vibrational
coupling. We demonstrate single and double resonant
Brillouin processes, and optomechanical cooling of the
∼180 GHz slow phonons of the semiconductor SL from
room temperature down to ∼120 K. The laser-induced
trap could be dynamically modified so that vibrations are
selectively laser-cooled, or made to self-oscillate, opening
the path for a variety of quantum information reconfig-
urable applications.
II. RESULTS
Optomechanics with a laser induced optical
trap. The concept for the proposed cavity optomechan-
ical experiments with laser-trapped light (the set-up is
schematized in Fig. 1a and described in the Methods sec-
tion below) is illustrated in Figs. 1b-d. These figures
show spectrally resolved spatial images of the photolu-
minescence (PL) corresponding to increasing “trap laser”
(TL) power (0, 4, and 8 mW, respectively). These images
were obtained with the “photoluminescence laser” (PLL)
on and the “Brillouin laser” (BL) off. The energy of the
BL is indicated in the three panels with vertical dashed
lines, together with that of the Stokes (red-shifted) pho-
tons corresponding to the scattering by the ∼180 GHz
(∼5.7 cm−1) slow bulk acoustic mode of the GaAs/AlAs
superlattice embedded in the resonator.10,25,26 This mode
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Figure 1: Cavity optomechanics with laser-generated optical traps. a Scheme of the three-lasers
experimental set-up used. b-d Spatial images of the optical cavity modes that evolve with increasing trap laser (TL)
power from planar 1D confinement in b to fully 3D confined in c and d. The energy of the Brillouin laser and Stokes
scattered photons are indicated with vertical lines. In b the optomechanical process is non-resonant (NR). The
situations corresponding to single (SOR) and double (DOR) optical resonances are attained in c and d, respectively.
has almost zero-group velocity because it is located at
the lower-edge of the Brillouin zone-center first phononic
bandgap of the SL. Its slow speed leads to an effective
mechanical quality factor Qm ∼ 103. In Fig. 1b the broad
emission corresponding to the planar microcavity can be
observed starting at ∼1.3932 eV and expanding towards
higher energies (due to the parabolic dispersion of the
1D confined optical cavity modes). This situation cor-
responds to non-resonant (NR) inelastic scattering, in
the sense that neither the BL nor the Stokes photons
are resonant with any optical cavity mode. As the TL
power is increased to 4 mW (Fig. 1c), clear modes of
a 3D optical trap emerge, with the fundamental mode
having redshifted with respect to the continuum, and
falling precisely at the energy of the BL. This situation
corresponds to a “single optical resonance” (SOR): the
BL is resonant, but the Stokes photons are not. Finally,
with the TL power at 8 mW (Fig. 1d), multiple discrete
3D optical trap modes are evidenced. The fundamen-
tal mode has further redshifted to be resonant with the
Stokes photons, while the BL is resonant with the third
optically confined mode. This situation corresponds to a
“double optical resonance” (DOR). We note that for this
experiment the separation between the discrete optically
confined modes was tuned by choosing the size of the TL
illuminated spot, which defines the lateral width of the
Gaussian optical confining potential.
Figure 2a displays the evolution of the 3D optical trap
modes as they red-shift and emerge from the continuum
when the depth of the optical trap is augmented with in-
creasing TL power (from 0 to 17 mW). For these spectra,
taken in a sample position slightly different from the spa-
tial images in Fig. 1, the three lasers were “on”, although
the BL was strongly attenuated just to be able to de-
tect its energy (∼1.3968 eV) superimposed on the emis-
sion spectra. While evolving with increasing TL power
the 3D Gaussian trap optical modes successively cross
the energy of the BL to be used in the following ex-
periments (indicated by the vertical line in the figure).
The 3D trap confined modes and the BL are well be-
low the SL gap (∼1.44 eV) in these experiments. Fig-
ure 2b presents the Brillouin spectra for the same se-
quence of TL powers. The spectra are given in relative
wavenumbers, with the energy referred to that of the BL.
30.0 mW
17 mW
0.0 mW
17.6 mW
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Figure 2: Trap laser dependence of optical trap modes and optomechanical processes. Photoluminescence
(a) and Stokes Brillouin spectra (b) as a function of trap laser power. In a the peak highlighted with a vertical line
is the attenuated Brillouin laser (BL). In b the main peak at ∼5.7 cm−1 corresponds to the Stokes scattering by the
slow ∼180 GHz vibrational mode of the SL filling the cavity spacer (see text for further details). c The calculated
SL phonon dispersion is shown with the thick curve. It allows the identification of the ∼5.7 cm−1 peak with the slow
Brillouin zone-center vibrational mode. The thin curve is the calculated phonon transmission for vibrations incident
from the substrate, evidencing the presence of the SL Brillouin zone-center gap. d Comparison between the
measured and calculated SL Brillouin spectra. The width of the former is determined by the experimental
resolution. This has been taken into account in the calculated spectrum with a Gaussian convolution.
In these experiments the PLL was blocked (“off”), and
the power of the BL was increased to its working con-
dition. No signal is observed below 4 cm−1 due to the
blocking of the laser light introduced by the first two-
stages of the triple spectrometer (see the Methods section
for experimental details). The stronger contribution to
the spectra corresponds to the acoustic slow-mode of the
SL at ∼5.7 cm−1, plus some additional minor contribu-
tions due to (i) propagating SL vibrational modes almost
symmetrically separated ∼1 cm−1 from the slow-mode
(these phonons are observed due to the back-scattering
of photons in the cavity, see the Supplementary Note 3
for further details), (ii) some narrow background oscil-
lations that extend through the whole spectra, but are
peaked periodically at ∼8.3, 16.6, 25 cm−1, and (iii) some
weak photoluminescence presumably excited by residual
penetration of the TL. Figure 2d compares one of the
experiments with a calculation of the Brillouin spectra,
convoluted with the experimental resolution (see details
of the calculation in the Supplementary Note 3). This,
together with the calculated SL phonon dispersion shown
in Fig. 2c, clearly identifies the main peak in the spectra
with the SL zone-center slow mode. Note that the inten-
sity of this peak strongly varies as the optical trapping
conditions are modified in Fig. 2b. This is the first cen-
tral result of this work, and will be discussed in detail
next.
Single and double resonant cavity optomechan-
ics. Figure. 3a presents a fan-plot with the energies of
the 3D trap optical modes obtained from the spectra in
Fig. 2a. The energy of the BL and the Stokes photons
scattered by the slow vibrational mode of the SL are also
indicated. Figure. 3b shows with solid symbols the Bril-
louin intensity associated to this slow mode, obtained
from the spectra in Fig. 2b. Starting from low TL pow-
ers, the two first blue vertical arrows highlight situations
in which SOR is attained. That is, the BL is resonant
with a cavity mode (either the first or second confined
modes), but the inelastically scattered Stokes photons
are not in resonance with any mode. Note that we are in
the side-band resolved regime12,17,22, meaning that the
frequency of the vibrational modes is significantly larger
than the width of the optical cavity modes (or, equiv-
alently, the vibrational mode oscillates several periods
before the trapped photon escapes from the resonator).
This condition is critical for diverse cavity optomechani-
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Figure 3: Optomechanical coupling as a function
of trap laser power. a Fan-plot of the energy of the
optical trap modes as a function of TL power, obtained
from the spectra in Fig. 2a. The confined states and the
lower edge of the continuum (indicated with a darker
grey background) are shown with connected symbols.
Horizontal lines identify the energy of the Brillouin laser
and Stokes scattered photons. Double pointed black
arrows highlight the situations where double optical
resonance (DOR) is attained. b Symbols show the
Brillouin intensity of the SL slow mode as a function of
trap laser power, from the spectra in Fig. 2b. Single
(SOR) and double optical resonances are indicated with
blue and red vertical arrows, respectively. The curve
corresponds to the model discussed in the text.
cal phenomena, and particularly to attain efficient cool-
ing (to be discussed below). In our experiments, one con-
sequence of this side-band resolved condition is that the
Brillouin signals for SOR are very weak (identified with
blue vertical arrows in Fig. 3). This is particularly the
case for excitation through the first confined trap state:
with no available mode at lower energies the scattered
photons cannot escape the resonator and thus the Stokes
process is strongly inhibited.
On increasing the TL power in Fig. 3b the Brillouin
signal strongly increases, displaying three clear maxima.
By correlating these maxima with the fan-plot in Fig. 3a,
it follows that the system successively goes through three
DORs (indicated with red vertical arrows in the figure).
These DORs involve first the excitation with the BL
through the 3rd optical trap state and scattering through
the 1st one (3→ 1), and then with increasing power suc-
cessively 4→ 2, and 5→ 3. The magnitude of this trap-
enhanced optomechanical coupling decreases as the order
of the involved optical modes increases. As we will argue
below, the optomechanical coupling scales as 1/D, where
D is the lateral diameter of the involved trap-confined
mode28,29. Because of the Gaussian shape of the laser-
induced optical trap4, modes are laterally less confined
as their order increases. Summing up, the laser-induced
emergence of discrete modes of the 3D optical trap leads
to strongly enhanced optomechanical coupling. The ac-
cessed DORs could allow for optomechanical cooling and
stimulation of the SL slow vibrational mode. This will
be addressed next.
Optomechanical cooling. Two of the relevant con-
sequences of dynamical backaction in cavity optomechan-
ics are the possibilities to cool, or alternatively stimulate,
the mechanical motion by cw laser excitation17. The
standard way to cool (stimulate) a mechanical mode, in
the presence of a single optical mode coupled to this vi-
bration, is by red-detuned (blue-detuned) laser excitation
of the optical cavity mode. Typically this process is most
efficient when the detuning between the laser and the in-
volved optical cavity mode equals the energy of the vi-
brational mode that is being sought to cool or stimulate.
While this method is the most standard and extended in
the literature, it can become strongly weakened in the
side-band resolved regime because the transmission of
the pump photons into the resonator is strongly reduced
(similar to what happens with the Stokes photons in the
SOR discussed above). This problem can be overcome by
using two optical cavity modes coupled by the mechan-
ical motion24,30,31, as we have shown by the DOR with
the laser-generated optical traps in Fig. 3b.
Based on the previous considerations we chose a two-
mode scheme as depicted in Figs. 4a and b. The TL
power is set at the condition of the strongest DOR shown
in Fig. 3b (PTL ∼10 mW). Without changing the BL en-
ergy, the system is modified to operate in cooling (anti-
Stokes) or stimulation (Stokes) conditions simply by dis-
placing the spot on the structure and thus rigidly shifting
the optical cavity modes. In this way, for the two situ-
ations the same two optical trap modes participate, but
interchanging their role. Moreover, the detuning between
the BL and the SL exciton resonance is constant, so that
for the two processes the laser exciton-mediated photoe-
lastic resonance is the same.1 This is done in addition to
exclude any possible effect of differential absorption and
eventually heating associated with the BL laser. Thus,
the main difference between the intensity of the Stokes
and anti-Stokes processes is the intervening boson fac-
tor, which is proportional to n + 1 for the creation of a
phonon (Stokes) and to n for a destruction of a phonon
(anti-Stokes), with n the phonon occupation. In this way
the Stokes and anti-Stokes intensities as a function of
laser power can be used to obtain n and thus probe the
presence of either vibrational pumping or cooling33–35.
Figure 4c presents the BL power dependence of the
Stokes (red) and anti-Stokes (blue) signal intensities. A
linear dependence with BL power is expected in spon-
taneous Brillouin scattering (indicated with a dashed
straight line extrapolated from the region of low power).
Departures from this linear dependence are a signature of
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Figure 4: Optomechanical cooling with a laser
induced optical trap. a Schemes of the Stokes
(stimulation), and b anti-Stokes (cooling) geometries.
The coloured curves are the fan-plots describing the
optical trap modes as in Fig. 3a. The energy of the
Brillouin laser (BL), and the Stokes (S) and anti-Stokes
(aS) photons are indicated with horizontal lines. ±Ω
corresponds to the energy of the SL slow vibration.
Note that in a both the Stokes and the anti-Stokes
channels are allowed with available optical modes. In b
the Stokes channel is strongly inhibited with no optical
modes accessible at energies lower than that of the BL.
The expected Brillouin spectra resulting from these
available resonances are schematized at the top of a and
b. c Experimental intensity of the S and aS signals as a
function of BL power, obtained for the resonance
conditions depicted in a and b , respectively, and a TL
power of 10 mW (DOR condition in Fig. 3). The
dashed straight line is a linear fit based on the low
power data. Coloured regions indicate the experimental
uncertainty. The red and blue curves are guides to the
eye. d Effective mode temperature (or equivalently
mode occupation) for the slow SL vibrational mode
deduced from the anti-Stokes intensities in c. The
yellow dashed curve is a guide-to-the-eye.
higher-order processes (that is, that n is not determined
by thermal equilibrium, but becomes dependent on the
BL power). The Stokes contribution follows quite closely
a linear dependence, with a possible weak supralinear
behavior above ∼3 mW. The anti-Stokes signal however
clearly departs from linearity around ∼2.5 mW, display-
ing a systematic sub-linear behavior. From this latter
departure, and the fact that at low BL powers the system
is in thermal equilibrium (linear region), we can extract
the phonon population as a function of BL power for
the anti-Stokes configuration, or equivalently the effec-
tive temperature of the mode (see Fig. 4d). A significant
mode cooling from room temperature down to ∼120 K is
demonstrated, reaching a mode occupation of only ∼14
without cryogenic refrigeration. This is the second cen-
tral result of this work. We note that the anti-Stokes
scheme depicted in Fig. 4b is ideal for optomechanical
cooling due, firstly, to the existent DOR mediated by 3D
optical trap modes, and secondly, because of the side-
band resolved regime with no modes available at ener-
gies lower than that of the BL, thus strongly inhibiting
the competing Stokes processes12,17,22. For the Stokes
geometry, this is not the case: optical modes present at
energies higher than that of the BL contribute through
anti-Stokes channels to balance the phonon generation,
and thus to limit the possibility to access a self-oscillation
threshold with the used Gaussian photon potential.
Optomechanical coupling and cooperativity.
The main mechanism leading to the optomechanical cou-
pling in SL-embedded semiconductor microcavities and
close to excitonic resonance is photoelastic (i.e., related
to an electrostrictive optical force)36. The magnitude of
the single-photon photoelastic coupling rate g0 can be
calculated from the overlap integral of the normalized
mode profiles of the incident and scattered optical [E(z)]
and strain [∂zum(z)] fields as
30:
g0 = K 1√DiDs
∫
L
2r (z) p12(z)∂zum(z) E∗ωs(z) Eωi(z) dz, (1)
where K = 1
effr L
eff
opt
√
~ωs ωi
2piΩm
. Here effr = d
−1
T
∑
j j dj ,
dT is the total structure’s thickness and dj the width
of each individual layer of the heterostructure. Leffopt is
the spacer thickness plus the contribution of the expo-
nential penetration of the field into the DBRs. L is the
samples thickness. r is the media relative permittiv-
ity. p12 is the material-dependent photoelastic constant,
resonant in the GaAs quantum wells. And ωi(ωs) and
Di(Ds) are the angular frequency and effective lateral
diameter of the incoming(scattered) photon mode, re-
spectively. This expression highlights the relevance of
having: i) a good overlap between light and strain fields
(something attained for the SL slow vibrational mode, see
Supplementary Note 3), ii) a large photoelastic coupling
(existent in GaAs QWs, as described in Ref. [1]), and iii)
a small optical mode diameter, as accomplished through
the Gaussian laser engineered optical trap. Based on
published material parameters and structural informa-
tion of our resonator, with the photon and vibrational
modes of the structure evaluated with standard methods
applicable in layered media (see the Supplementary Note
63 for details), we compute g0/2pi = 1.7 MHz for the SL
slow mode at Ωm = 2pi × 180 GHz. This is a very strong
optomechanical coupling, two orders of magnitude larger
than the one expected from radiation pressure forces in
these devices37.
The strength of the interaction in cavity optomechan-
ics is quantified by the optomechanical cooperativity,
C =
4g20ncav
κΓm
. Here, ncav is the number of photons in
the cavity, and κ and Γm are the photon and mechanical
decay rates, respectively17. The coupled optomechanical
equations in the case of two optical cavity modes precisely
detuned by the frequency of the mechanical mode, lead
to an optomechanically modified phonon effective lifetime
Γeff = Γm(1 ± C)17,30. Here the minus sign corresponds
to stimulation (the laser exciting in the upper energy
mode), while the plus sign corresponds to cooling (exci-
tation is done on the lower energy mode). Non-linearities
related to cooling or self-oscillation require that the co-
operativity C becomes of the order or larger than 1. For
example, for higher mode excitation if C ≥ 1 the sys-
tem undergoes a transition to self-oscillation. The power
required to attain C = 1 (Γeff = 0) defines the phonon
“lasing” threshold condition.
The self-oscillation threshold power for the two-mode
(P
(2)
Th ) configuration is related to that for one-mode
threshold (P
(1)
Th ) by P
(2)
Th = P
(1)
Th /
(
1 + 4
Ω2m
κ2
)
.30 This ex-
pression highlights the relevance of working with two
modes in the strong side-band resolved regime. Indeed,
for the system under consideration Ωm/2pi ∼ 180 GHz>
κ/2pi ∼ 75 GHz). That is, P (1)Th ∼ 24× P (2)Th . The factor×24 arises due to the fact that one of the two photons
intervening in the optomechanical process is detuned re-
spect to the optical cavity mode and thus a larger ex-
ternal laser power is required to inject the intra-cavity
photons required to attain self-oscillation. This explains
the smaller intensity of the SORs, when compared to the
DOR processes, in Fig. 3b. Consideration of the rela-
tive contribution of single and double resonant optical
processes based on this factor, and that of the mode lat-
eral size-dependence 1/D discussed above and extracted
from the experimental spatial images as in Fig. 1, allows
to phenomenologically model the Brillouin intensity de-
pendence with TL power as shown with a continuous line
in Fig. 3b (details of this procedure are included in the
Supplementary Note 4).
While this model well describes quantitatively the rel-
ative contribution of the different resonances, evaluation
of the conditions needed for cooling or self-oscillation,
requires additional considerations. In fact, we note that
there are important assumptions implicit in the equa-
tion Γeff = Γm(1 ± C), the most relevant being that
only the two described DOR optical modes are avail-
able for the optomechanical processes, with no compet-
ing inverse channels present. It turns out that this is
a reasonable description of the anti-Stokes geometry in
Fig. 4b but, as we have discussed above, not for the Stokes
one in Fig. 4a. We thus concentrate in what follows
only in the cooling geometry. With g0 obtained from
Eq. (1) above, we can evaluate the cooperativity C. Us-
ing κ = 2pi × 75 GHz, Γm = 2pi × 160 MHz, and the
intracavity photon number ncav = P/(~ωκ) ≈ 2 × 106
for a BL power of PBL ∼ 10 mW as used in the cool-
ing experiment of Fig. 4b, we obtain C ∼ 2. Thus, a
reduction of the phonon occupation by a factor of ∼ 3
is expected from this estimation (Γeff ∼ 3 Γm), a value
that is notably coincident with the experiments. Note
also that this model for Γeff is consistent with a reduc-
tion of the mode occupation that is linear with the BL
power (i.e., linear with ncav), something also consistent
with the experimental findings shown in Fig. 4d.
III. DISCUSSION
We have demonstrated that laser-generated 3D optical
traps in a planar semiconductor microcavity lead to a
full discretization of the photon spectra, and through it
to a strong enhancement of the optomechanical coupling
by single and double optical resonances. As compared to
laser trapping using etched pillars or laterally structured
spacers of otherwise planar microcavities, the proposed
scheme has several advantages. Namely, i) it does not re-
quire technologically complex techniques of device micro-
fabrication, ii) the laser-engineered potentials can be dy-
namically modified on demand, and iii) microstructured
lateral edges are avoided, which are known to be limiting
factors for both the photon and phonon lifetimes for mi-
crostructures with lateral size below a few microns.28,29
Disadvantages are the requirement of a laser for the es-
tablishment of the lateral potential, and the eventual re-
lated heating associated to the latter.
In our experiments a laser-generated Gaussian trap
was used for the optomechanical cooling of the slow
∼180 GHz vibrational mode of a GaAs/AlAs superlat-
tice by ∼200 K from room temperature down to ∼120 K
(mode occupation of only ∼14) without cryogenic refrig-
eration. While the reported Gaussian optical trap is not
appropriate to access non-linearities in Stokes processes
(self-oscillation), the large magnitude of the electrostric-
tive optomechanical coupling and the strong side-band
resolved situation accessible in these semiconductor de-
vices, imply that proper design of the photon potential,
to quench the limiting anti-Stokes channels, should al-
low for phonon lasing. It is straightforward to extend
the results reported here to the polariton regime, for
which both attractive and repulsive laser-controlled ef-
fective potentials can be designed. In this way, our re-
sults pave the way for reconfigurable cavity optomechan-
ics applications based on laser potential landscape engi-
neering, opening new roads in the conception of hybrid
devices based on cavity quantum electrodynamical and
cavity optomechanical phenomena41.
7IV. METHODS
Sample description. The experiments were
performed at room temperature in a planar micro-
cavity grown on a (001)-oriented GaAs substrate by
molecular-beam epitaxy. It consists of two distributed
Bragg reflectors (DBRs) enclosing a thick resonant
spacer with a large optical path length of 9λ/2. The
top (bottom) optical DBR is formed by 15.5 (18.5)
periods of Al0.1Ga0.9As/Al0.95Ga0.05As bilayers opti-
mized to confine an optical mode with a quality factor
Qopt ∼ 4.5 × 103. The optical spacer of the cavity
is composed of a superlattice (SL) formed by 41.5
periods of 17.1 nm/7.9 nm GaAs/AlAs bilayers. This
embedded SL is identical to the one studied in Ref. [1] to
demonstrate ultrastrong optomechanical coupling based
on polariton resonances. In our experiments, we exploit
this resonant behavior for an enhanced optomechanical
signal but remain always well below the exciton gap
(∼1.44 eV at room temperature), so that the cavity
mode is almost 100% photonic in character. The SL
is designed to confine slow acoustic phonons10,25,26 at
∼180 GHz (∼5.7 cm−1). This Brillouin zone-center mode
has almost zero group-velocity because it is located at
the lower edge of the first phononic bandgap of the SL.
This slow speed leads to an effective mechanical quality
factor Qm ∼ 103. The sample is tapered so that the
optical modes energies can be varied by displacing the
laser spot position.
Experimental details. A custom-made microscope
configuration is used to focus three lasers on perfectly
overlapping ∼4µm spots. Firstly, the 514.5 nm green
line of an Ar-Kr laser (“trap laser”, TL) is used to
locally heat the structure and, through the change
of index of refraction with temperature38, generate a
three-dimensional optical resonator (the planar cavity
confines light along the axis of the heterostructure,
while the Gaussian spot defines the lateral in-plane
trap)4. Because this wavelength is above the gap of
the two materials forming the DBR layers, it is fully
absorbed in the top DBR. This was set to avoid the
excitation of electron-hole pairs from the SL by the TL.
Photoluminescence is typically overwhelmingly larger
than the inelastic scattering contributions, so that this
contribution would mask the optomechanical signals
we want to detect. Secondly, and to excite the SL
photoluminescence when required to better identify the
spectral position of the generated three-dimensional
optical modes, we use a cw Titanium-Sapphire laser.
This laser is tuned to the DBR edge-modes to efficiently
access the SL without further heating the structure,
and above the SL exciton gap in order to locally excite
its photoluminescence. This “photoluminescence laser”
(PLL) is used with very low power (typically some µW)
once the mW power of the TL (and thus the trapping
potential) is chosen. It is used to characterize the optical
modes of the 3D cavity, but is blocked prior to the Bril-
louin experiments. Finally, an additional single-mode
stabilized Titanium-Sapphire ring-laser tuned to the 3D
optical trap modes is used to resonantly excite the SL
vibrational modes (“Brillouin laser”, BL). The power
of this laser is always kept below a few mW. Its energy
(typically ∼1.39 eV) is well below the gaps of the DBRs
and SL materials, and thus its contribution to additional
heating is negligible. Although zero-wavevector phonons,
as the studied slow SL mode, would require in principle
a forward-scattering geometry to be coupled by inelastic
light scattering, they are readily accessed when exciting
through an optical cavity mode in a back-scattering
configuration39,40.
DATA AVAILABILITY
The source data that support the findings of this study
are available from the corresponding author upon rea-
sonable request. All these data are directly shown in the
corresponding figures without further processing.
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1Supplementary Information for:
Cavity Optomechanics with a Laser Engineered Optical Trap
Supplementary Note 1. SAMPLE DETAILS
The sample studied corresponds to a planar semiconductor microcavity. It was grown on a (001)-oriented GaAs
substrate by molecular-beam epitaxy. The cavity consists of two distributed Bragg reflectors (DBRs) enclosing a
thick resonant spacer with a large optical path length of 9λ/2, with multiple quantum wells (MQWs) embedded,
as schematized in the Supplementary Fig.1. The cavity embedded MWQs consist of 41.5 periods of (17.1 nm)
TOP
DBR MQW SPACER
BOTTOM 
DBR
GaAs
Substrate
Supplementary Figure 1: Schematic representation of the studied sample. The top (bottom) λ/4 DBR consists
of 15.5 (19.5) Al0.1Ga0.9As/Al0.95Ga0.05As periods, which constitute the mirrors of the cavity, enclosing a 9λ/2
optical spacer. The cavity spacer has 41.5 periods of GaAs/AlAs MQWs (see text for details).
GaAs/(7.9 nm) AlAs, forming a superlattice (SL) that is meant to be identical to the one studied in Ref. [1], in order
to demonstrate ultra-strong optomechanical coupling due to decoherence-avoidance in exciton-polariton resonances2.
The whole nanostructure was grown tapered so that the optical cavity mode can be tuned in energy by varying
the laser spot’s position on the sample, around the excitonic energy ∼ 1.434 eV at room temperature (RT). This is
shown in Supplementary Fig.2. The top panel corresponds to the energy of the photoluminescence peak (measured
at RT) as a function of the cavity-mode (EC) and MQW-exciton (EX) detuning, which is varied by changing the spot
position on the sample. When the cavity mode is tuned close to the excitonic energy, the strong coupling regime is
characterized by the well-known photon-exciton anti-crossing3, with a room temperature Rabi-splitting at ∆ = 0 meV
of EUP −ELP ∼5 meV. The two resulting cavity polariton branches, lower polariton (LP) and upper polariton (UP),
change progressively their nature from photonic to excitonic (LP), and vice-versa from excitonic to photonic (UP),
when passing through the anti-crossing. For negative detuning, the LP initially behaves essentially as the cavity
mode. When increasing the detuning, towards the anti-crossing, the quenching of the mode is observed with the
consequent decrease of its quality factor. This is observed in the bottom panel of Supplementary Fig.2, where the
linewidth (FWHM) of the LP’s luminescence peak is plotted (light-green squares, right vertical axis). The left vertical
axis of this panel corresponds to the evolution with the detuning of the quality factor (blue circles). All experiments
are performed with the Brillouin laser (BL) tuned to ∼1.3968 eV (corresponding to ∆ = −37.7 meV), far from the
zero-detuning condition, and exploiting an optical quality factor near to ∼3×104. The dashed red lines situate the
position of the BL and the corresponding detuning.
2BL
Supplementary Figure 2: Top panel: PL peak’s energy for cavity mode and MQW exciton as a function of the
detuning ∆, controlled by the laser spot position on the sample. LP and UP refer to Lower and Upper polariton
resonances, respectively. The black dashed lines indicate the uncoupled photon-exciton system, that result from the
simultaneous fitting (full lines) of the polariton branches with a simple two-coupled-state model. Bottom panel:
Quality factor and FWHM for the LP resonance vs. ∆. The red dashed lines indicate the Brillouin Laser energy and
sample detuning set for the optomechanical experiments presented in this work.
3Supplementary Note 2. DEPENDENCE OF THE OPTICAL CONFINED MODES WITH THE TRAP
LASER (TL) POWER
In the Supplementary Fig.3 we show the photoluminescence (PL) acquired in spectral mode (bottom of each panel)
and as color map recorded in calibrated spatial imaging mode (top of each panel). For each panel, the corresponding
energy axis scale is the same. Panels (a) to (f) display the successive formation of higher confined modes for increasing
power (PTL), as indicated. As a reference, the laser used for Brillouin excitation (BL) is set attenuated at 1.3969 eV
and can be appreciated as a well-defined small peak or as a faint vertical line for the spectral or spatial map mode,
respectively. The complete series displaying this evolution can be observed in the provided Supplemental Movie 1.
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Supplementary Figure 3: Photoluminescence (PL) calibrated spatial maps (top sub-panels) and corresponding
PL spectra (bottom sub-panels) for varying trap laser power PTL as indicated in each panel from (a) to (f).
A. Laser induced optical potential
Localized heating due to laser excitation by the TL gives rise to a refractive index gradient, which in turn allows
for new optical modes to appear. These are spatially confined to the laser spot’s area, and can be described quite
well by a Gaussian potential well, as explained in Ref.[4]. Following the procedure introduced there, the parameters
that describe the optical trap as well as the confined modes can be readily extracted. In Supplementary Fig.4 an
example is presented for a TL power of PTL =10 mW, where the red dashed curve corresponds to the Gaussian trap
that comes out from the fit4. The depth of the trap (∆E0), as well as the energy (Efund) and effective width (Deff)
of the fundamental mode are indicated. This procedure is repeated for all TL powers where the confined modes are
well distinguishable. This allows extracting the depth of the trap as a function of the TL power, which is presented
in Supplementary Fig.5, showing a rather linear behaviour. The complete set of measurements can be appreciated
in the Supplementary Movie 2.
The effective width for each observed confined mode can be extracted (as exemplified in Supplementary Fig.4
for the fundamental mode) for each measured incident trap laser power. The result of this procedure is shown in
Supplementary Fig.6. Here a slight decrease of the effective with, i.e. the radial extension of the optical confined
4Deff
ΔE0Efund
Supplementary Figure 4: Calibrated PL spatial map measured for a TL power of PTL =10 mW. The red dashed
line corresponds to the fitted Gaussian potential. ∆E0, Efund and Deff correspond to the trap depth, fundamental
mode energy and effective width, respectively.
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Supplementary Figure 5: Power dependence of the laser-induced trap depth, as extracted through the method
introduced in Ref.[4]. The red dashed line is a linear fit to the data.
modes, for increasing trap laser power. The dashed vertical line indicated the trap laser power PTL corresponding to
the first DOR situation.
In order to further understand the physics involved in these laser-induced potential traps, we consider the fitted
Gaussian model for the traps and solve the corresponding Schro¨dinger equation for the fundamental mode. To do so,
a rotational in-plane symmetry was considered, and the finite difference Crank-Nicolson method was applied, with
an imaginary time evolution. This is a relatively common way of finding the fundamental mode for an arbitrary
potential, and does not require much in terms of computational power.
To be able to compare the result from the two different methods (the graphical method and the Schro¨dinger
equation’s solution), the obtained effective widths (Deff) were normalized by the traps FWHM, and the obtained mode’s
energy (Efund) was normalized by the obtained potential’s depth (∆E0). For the dimensionless solved SchrA˜¶dinger
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Supplementary Figure 6: Effective width (Deff) derived (as explained in the text) for each observed confined
optical mode (as indicated), as function of the trap laser power PTL. The vertical dashed line (PTL ∼10 mW)
corresponds to the first double optical resonance (DOR).
equation, the energy had to be rescaled in order to fit the experimental values. This was performed for Efund, which
is shown in Supplementary Fig.7. The same was applied for the effective width of the fundamental mode, and is
depicted in Supplementary Fig.8. Both show an excellent agreement.
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Supplementary Figure 7: Fundamental mode’s energy (Efund) as extracted from the graphical method (symbols)
introduced in Ref.[4], and by the numerical method (red dashed line). Both have been normalized by the traps’
depth.
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Supplementary Figure 8: Fundamental mode’s effective width (Deff) as extracted from the graphical method
(symbols) introduced in Ref.[4] and by the numerical method (red dashed line). Both have been normalized by the
traps’ FWHM.
7Supplementary Note 3. PHONON MODES OF THE SYSTEM AND BRILLOUIN SPECTRA
The vibrational eigenmodes of the heterostructure deserve a separate and more elaborate presentation. They are
rather complicated, rising from the fact that the structure consists of a superlattice (SL) embedded in an optical
microcavity that simultaneously acts as an acoustic cavity.
The vibrational acoustic modes are obtained using a 1D continuum elastic model based on a transfer matrix
formalism [see Supplementary Note 6 for details]. One way to understand the acoustic phononic structure of the
system is to analyse the surface displacement as a function of the phonon energy. In Supplementary Fig.9 (top
panels), plotted with the green curve, we present the surface displacement of a bare finite SL, i.e. the embedded SL
of 41.5 periods but without the optical microcavity. Superimposed, with the red curve, we show the tilted dispersion
relation of an equivalent infinite SL showing the characteristic folding of the acoustic branch, and the opening of the
characteristic acoustic mini-gaps5,6. These mini-gaps -phonon forbidden regions- are indicated by the gray-shaded
areas. It is clear that for the finite SL (green curve) the surface displacement, at the mini-gap, is reduced to zero.
The top-right panel corresponds to a zoom around the energy of interest (∼5.7 cm−1). The violet curve corresponds
to the calculated surface displacement for the complete structure, i.e. the SL embedded within the optical cavity. As
is well observed, this curve behaves equivalently to the green curve (bare SL) at the gray mini-gap regions, which
means that this contribution is inherited form the SL. Additional features (e.g. peaks) also arise, resulting from the
acoustic contribution of the optical cavity spacer, as well as the contribution from the optical DBRs7,8.
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Supplementary Figure 9: Acoustic surface displacement and Brillouin scattering spectrum. The top panels
display the calculated squared acoustic surface displacements for the bare SL (green curve) and for the complete
optical microcavity structure with the embedded SL (violet). The tilted infinite SL’s dispersion corresponds to the
red curve. Bottom panels: The red curve corresponds to the calculated Brillouin spectrum and the black curve
indicates its convolution with the experimental resolution.
The calculated Brillouin scattering spectrum is shown in Fig.2(d) of the main text and in the bottom panels of
Supplementary Fig.9 (left: extended spectral region, right: detail of the region of interest). The one-dimensional
simulation uses classical electrodynamics and a continuum elastic theory and describes all the involved process:
incident photon, the creation/annihilation of the acoustic phonons, and the scattered electric field. Details for this
well-established method can be found elsewhere8,9. The main ingredient of this calculations is based on the overlap
integral of the incoming electric field, the involved acoustic strain field, and the outgoing (scattered) electric field.
In Supplementary Fig.10 we plot the product of these three fields η(z)E∗s (z)E∗i (z), for the slow Brillouin zone-center
vibrational mode at 5.7 cm−1 (∼180 GHz). Superimposed, in red, we outline the real part of the refraction index along
the direction of the heterostructure, where the different layers can be distinguished. Position “0” corresponds to the
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Supplementary Figure 10: Product of the incoming and scattered electric fields and the acoustic strain field as a
function of the heterostructure’s position. The acoustic mode corresponds to the slow Brillouin zone-center mode at
5.7 cm−1 (180 GHz). The superimposed red curves correspond to the real part of the index of refraction along the
heterostructure. The right panel shows the detail of the cavity spacer with the embedded SL.
sample’s surface. The right panel of Supplementary Fig.10 highlights the detail of the optical cavity spacer with the
embedded SL. The fields’ product is mainly centred at the cavity and is symmetric with respect to it’s centre. It is
worth mentioning that the strain field η(z) of this acoustic slow Brillouin zone-center mode is the one that maximizes
the overlap with the SL’s GaAs quantum wells, material that provides the largest photoelastic value, and therefore has
the main contribution to the Brillouin spectrum. As observed in Supplementary Fig.10, a small contribution will also
come from the slight penetration of the photonic and phononic fields into the DBRs. The red lines in Supplementary
Fig.9 (bottom panels) are the result of the calculated Brillouin scattering intensity, and the black curve corresponds
to this same result but convoluted with the experimental resolution (0.12 cm−1) of the used spectrometer. From this
result (see the detail in the right bottom panel) it is quite clear that the measured peaks are resolution limited. The
overall spectrum reveals the “Brillouin” peak at lowest relative energy, together with the well known folded acoustic
(FA) triplets near the SL’s Brillouin zone-center6. The “Brillouin” peak (not observed in our experiments), together
with the peaks indicated as BS (back-scattering), correspond to the effective acoustic wavevector q ' 2kL (kL is the
wavevector of the incident light), and the intense peak at 5.7 cm−1 (indicated as FS) is the slow Brillouin zone-center
mode with q ' 0 (see e.g. Refs. [6] and [8] for details).
9Supplementary Note 4. PHENOMENOLOGICAL MODEL FOR THE BRILLOUIN SCATTERING
INTENSITY DEPENDENCE WITH TL POWER
In this section, we will discuss with more detail the phenomenological model used to estimate the evolution of
the Brillouin intensity with varying resonant conditions when tuning the trap laser power [red curve in Fig. 3(b) of
the main text]. The Brillouin scattering resonances are modelled using peaked functions around the corresponding
energies that match the single optical resonances (SOR) or the double optical resonances (DOR). In this case -for
simplicity- we have chosen for each resonance to use a Gaussian function.
The amplitude for each Brillouin scattering process will be proportional to the inverse of the product of the lateral
extension (effective width) of the involved incoming (i-th) and outgoing (j-th) confined optical modes. The Brillouin
scattered amplitude Aji of the process, mediated by a phonon from the i-th to the j-th optical mode (i→ j), will be
given by
Aji ∝ (DiDj)−1. (2)
Here D` represents the effective width of the `-th mode, and are explained in the Supplementary Note 2 A. Notice
that this amplitude factor [Supplementary Eqn.(2)] is of great importance for the calculation of the single-photon
coupling rate (g0) [see Eqn.(1) in the main text, and the discussion in the Supplementary Note 6]. In fact, the
calculation of the Brillouin scattered intensity and the g0 are similar. For the case in which i = j, the scattering
process is considered to be a single-mode process. Otherwise, if i 6= j the scattering process is considered to be a
two-mode process.
As pointed out in the main text, the Brillouin scattering process can be resonant with the optical confined modes
of the trap. Moreover, the resonance can be considered at single optical resonance or at double optical resonance,
and the single resonance can be either incoming or outgoing. For example, if the incident photon is tuned to the
fundamental (first) confined mode and the power is such that only this confined mode exists, the amplitude of this
Brillouin scattering process will be given by
A11 ∝ (D1D1)−1. (3)
Here the incident photon enters through the optical mode, is scattered, and exits through the residual transmittance
of the same mode at the energy of one phonon lower.
A similar situation is found if the TL power is such that two optical modes are confined within the trap. In this
case, the scattering process involves the two modes. That is the incoming photons can enter through one mode,
scatter and exit through the same (single-mode process) or the other mode (two-mode process). The example for a
process where the incoming channel happens through the 2nd mode and the exit channel goes through the 1st mode,
process’ amplitude will be given by
A12 ∝ (D1D2)−1. (4)
Following this line of argumentation, we can define the rest of the involved Brillouin scattering amplitudes (Aij),
depending on the number of modes involved. The effective widths Dj are estimated as described in the Supplementary
Note 2 A and shown in Supplementary Fig.6.
Our system presents five different resonances, which are indicated in Fig. 3 of the main text and they are tuned
when varying the TL power. As mentioned earlier, within this simple phenomenological model, the contribution to the
Brillouin scattering intensity is represented by Gaussian functions, whose amplitude is a combination of the involved
scattering amplitudes Aji. In addition, each above described Aji will have a different weight factor depending on the
resonant condition, i.e. if the process is in SOR, DOR, or is out of resonance. This weight factor associated with each
optical confined mode, will basically be dictated by the coupling probability of the corresponding confined modes to
the external continuum of photons. In other words, an external photon will not have the same probability to couple to
the photonic modes at exact resonance or slightly detuned from the mode. The coupling probability will be maximal
at exact resonance and will decay symmetrically towards either side, basically following the spectral distribution of
the corresponding confined optical mode. We will consider that the incoming or outgoing coupling probability of an
external photon of energy ~ω to the j-th confined mode (of energy ~ωj), is of the form
Pj(ω) =
[
1 +
(
~ω − ~ωj
κ/2
)2]−1
. (5)
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Here, the same spectral width κ is considered for each mode.
For example, for the case of the first SOR situation in Fig. 3 of the main text (PTL ∼6.25 mW), only one confined
mode exists with energy ~ω1 = ~ωBL (see Fig.3a of the main text). We are in the presence of a single-mode incoming
SOR. This is interpreted as the probability P1(ω1) of entering the trap through the first (fundamental) mode, and the
probability P1(ω1 − Ω) of exiting the trap out-of-resonance after the Stokes process, with an energy that is ~Ω (one
phonon quanta) less. The joint probability of the process as a whole will thus be the product of both probabilities.
The intensity of the corresponding Brillouin process, that corresponds to the amplitude of the associated Gaussian
function will hence be given by
G1 = P1(ω1)︸ ︷︷ ︸
1
P1(ω1 − Ω)︸ ︷︷ ︸
∼1/24
A11 ' 124 A11 . (6)
For the case of the second SOR, indicated in Fig. 3 of the main text (PTL ∼8.75 mW and where ω2 = ωBL), two
optical modes are involved. Consequently, the following processes are possible: (i) the resonant incoming photon is
coupled resonantly to the mode 2 with P2(ω2), (ii) is scattered by one phonon, and (iii) exits the optical non-resonantly
either through the same mode 2 or the mode 1. This will have associated probabilities P2(ω2 − Ω) or P1(ω2 − Ω),
respectively. Less probable is the process in which the photon enters through the mode 1 non-resonantly with ω2, and
exits non-resonantly through the same out-coming channels as before. These double non-resonant processes, expected
to be small, are neglected in what follows.
Since the joint probabilities of each incoming-outcoming channel pairs are mutually exclusive events (if one happens,
the other does not), the probabilities with their respective Brillouin amplitude weights are simply the sum. The
contribution to the Brillouin intensity of the second SOR will thus be
G2 =
in−SOR︷ ︸︸ ︷
P2(ω2)︸ ︷︷ ︸
1
P1(ω2 − Ω)︸ ︷︷ ︸
∼1/9
A12 + P2(ω2)︸ ︷︷ ︸
1
P2(ω2 − Ω)︸ ︷︷ ︸
∼1/24
A22 +
((((
((((
((((
((((
((((
((non−res︷ ︸︸ ︷
P1(ω2)︸ ︷︷ ︸
∼1/5
P1(ω2 − Ω)︸ ︷︷ ︸
∼1/9
A11 + P1(ω2)︸ ︷︷ ︸
∼1/5
P2(ω2 − Ω)︸ ︷︷ ︸
∼1/24
A12
= 19A12 +
1
24 A22 (7)
Following the above procedure, we can extend these arguments for the case in which more optical confined modes
are involved. In particular, for the three DORs indicated in Fig. 3(a) of the main text, namely the one resonantly
entering through the 3rd confined mode and resonantly outgoing through the 1st confined mode (3 → 1), the one
entering the 4th mode and resonantly outgoing through the 2nd mode (4→ 2), and last, the one entering resonantly
through the 5th optical confined mode and outgoing at resonance with the 3rd mode (5 → 3), the corresponding
Gaussian intensities for each process will have the following form, respectively
G3→1 == A13 +
1
5 A12 +
1
7 A14 +
1
7 A43 +
1
8 A23 +
1
24 A11 +
1
24 A33 +
1
35 A42 +
1
40 A22 +
1
49 A44 (8)
G4→2 = A24 +
1
6 A34 +
1
8 A32 +
1
16 A14 +
1
24 A44 +
1
27 A22 +
1
48 A33 (9)
G5→3 = A35 +
1
6 A34 +
1
7 A45 +
1
11 A25 +
1
24 A55 +
1
27 A33 +
1
49 A44 , (10)
where we also have neglected the non-resonant weakly contributing terms.
If a non-coherent sum of the resonant Brillouin scattering processes is considered, we add all five Gaussian functions
with the above amplitudes. Normalizing against G3→1, which is the process that has the largest intensity, we obtain
the red continuous curve displayed in Fig. 3(b) of the main text. We used a standard Gaussian deviation of 1.5 meV
for all optical resonances.
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Supplementary Note 5. PHOTOELASTIC PARAMETERS
The pertinent photoelastic element for the experiments described in this work corresponds to p12 (using the compact
tensor notation). At room temperature and for ∆ = −37.7 meV (see in the Supplementary Note 1, Supplementary
Fig.2), p12 reaches a value of ∼0.61 for GaAs 1. For Al0.1Ga0.9As, since the Gallium content is high, we can estimate
the value for the photoelastic constant from the data in Ref. [1], considering that its band-gap has a shift of ∼124 meV
due to the Aluminium content of the alloy. Thus, for the latter p12 ' 0.20. This value has important implications,
since the photoelastic optomechanical interaction of the photonic and phononic fields must be taken into account in
the whole structure, and not only within the spacer. The photoelastic contribution for AlAs and Al0.95Ga0.05As, are
negligible for the experimental situation considered here and are assumed to be zero.
Supplementary Note 6. SINGLE-PHOTON PHOTOELASTIC COUPLING RATE (g0)
The main contribution to the photon-acoustic phonon coupling for near excitonic resonant condition is
photoelastic10. The single-photon photoelastic coupling rate of an acoustic phonon mode with a given frequency
Ωm is estimated from the overlap integral that involves the corresponding stain field ηm(z), and the incident and
scattered electric fields, Ei and Es, respectively. Interaction Hamiltonian for the photoelastic contribution to the
optomechanical coupling is given by11,12
Hint = 12
∫
V
dV o 
2
r pijkl ηklE
∗
i Ej . (11)
o is the vacuum dielectric permitivity, r is the relative dielectric function, pijkl represents the photoelastic tensor,
ηkl the strain tensor, and E the electric field.
For the case of only two optical confined optical modes, as is the case of our experimental situation, in terms of
the normal electric fields and acoustic displacement modes, the above interaction Hamiltonian that couples to one
phonon mode yields11
Hint = −~ g0
[
aˆ†s aˆi bˆ + H.c.
]
.
aˆ†j(aˆj) and bˆ
†(bˆ) are the photon and acoustic-phonon modes’ creation(destruction) operators, respectively. The indexes
i(s) stand for the incident(scattered) photons. The single-photon photoelastic coupling rate is given by10,11
g0 =
1
~
∫
V
o 
2
r (z) p12(z) η(z)E
∗
ωs(z)Eωi(z) dV . (12)
Phonon mode and associated strain field
Here we assume a one-dimensional continuum elastic problem, supported by the fact that the changes of the involved
acoustic parameters, due to the trap-laser induced temperature modification, are small. The longitudinal acoustic
displacement field (uz) in the z-direction is obtained by solving the elastic acoustic wave equation for the entire
heterostructure 13
ρ u¨z = ∂z[C33 ηzz] ,
where ηzz is the corresponding strain tensor component, and C33 is the pertinent stiffness tensors element.
The formal solution is found using the transfer-matrix formalism8, imposing stress-free boundary conditions (b.c.)
at both sample’s ends (surface and back-side of the substrate). The following expression for the spatial eigenmode of
frequency Ωm is obtained
um(z) = am e
i qm z + bm e
−i qm z ,
where qm = Ωm/vac is the corresponding wavevector within each layer, and the coefficients am and bm are defined by
the b.c. and by the Sturm-Liouville normalization condition∫
V
u∗m ρ(z)um dV = 1 ⇒
⇒
∫
L
u˜∗m(z) ρ(z) u˜m(z) dz = 1 .
12
Here we have defined um(z) = u˜m(z)/
√
Aac, and where Aac corresponds to the effective transverse area of the
acoustic mode. L indicates the integration interval along the entire heterostructure.
The general acoustic displacement u(z, t) will be given by11
u(z, t) =
∑
m
rm
u˜m(z)√
Aac
[
bˆm(t) + bˆ
†
m(t)
]
,
where the amplitude comes from the quantification and results rm =
√
~
2 Ωm
.
The corresponding strain field for the m-th mode is straightforward, namely
ηm(z, t) = ∂zum(z, t)
=
√
~
2Aac Ωm
∂zu˜m(z)
[
bˆm(t) + bˆ
†
m(t)
]
. (13)
The above phonon operators are given in the Heisenberg representation.
Electric fields
The involved electric fields, correspond to the optical cavity modes that are well confined within the optical spacer,
and decay exponentially towards the top and bottom DBRs. The normalization of the electric field has been a long
standing issue. We will consider the same approach as the one suggested by Prashanta Kharel, et al.11. Since the
fields are mainly localized within the spacer and part of the DBRs, the normalization is estimated by considering the
structure as an effective dielectric medium effr and weighted by the field’s effective volume V
eff
opt = Aopt L
eff
opt. L
eff
opt
corresponds to the penetration of the mode within the DBRs14 added to the 92λ-spacer thicknes. For the system
considered in this work we estimate Leffopt ∼ 5µm.
Since the interaction with the 1D phonons acts only in the stacking direction of the structure, and given the
experimental incidence and collection, which is normal to the sample’s surface, added to the relative high dielectric
contrast between vacuum and the dielectric media, we approximate the in-plane polarized fields assuming a one-
dimensional problem. The mode’s spatial profile Eω(z) is obtained by solving Maxwell’s equations and the linearly
polarized electromagnetic 1D field’s wave equations, with the corresponding boundary conditions for non-magnetic
materials, and using a transfer-matrix approach setting the incident amplitude to unity. Thus, the obtained fields are
of the form10,11
Eω(z) =
√
~ω
2 oeffr Aopt L
eff
opt
Eω(z)
[
aˆω(t) + aˆ
†
ω(t)
]
, (14)
Eω(z) = Aω eikωz +Bω e−ikωz .
Within each layer, the coefficients Aω and Bω result from propagating the corresponding transfer matrix, and kω is
the wavevector associated to the photon of energy ~ω.
It can be shown that the field distribution inside the cavity along the heterostructure for the different modes is
very similar. In addition, considering that the phonon frequency is much smaller than that of the involved electric
fields, we will adopt the same profile for the variation along the heterostructure’s direction for both the incident and
scattered field modes.8
Photoelastic coupling rate
Replacing Supplementary Eqns.(13) and (14) in expression (12), integrating over the in-plane direction (with an
effective area A¯), we obtain the single-photon photoelastic coupling rate with the phononic mode10,11
g0 =
√
~
2Aac Ωm
√
ωs ωi
2 effr L
eff
opt
A¯√
Aiopt A
s
opt
∫
L
2r (z) p12(z)∂zu˜m(z) E∗ωs(z) Eωi(z) dz . (15)
The effective dielectric function is obtained as effr = d
−1
T
∑
j j dj , and dT is the total structure’s thickness and dj
the width of the j-th layer of the heterostructure.
13
The value for Aac is assumed to be equal to A¯. This value will depend mainly on the lateral distribution of the
two electric field modes, and will be therefore accounted for as the product of both transverse characteristic trans-
verse dimensions, or equivalently the product of the corresponding areas, that is A¯ ' (AioptAsopt)−1. Consequently,
Supplementary Eqn.(15) reduces to
g0 =
1
2 effr L
eff
opt
√
~ωs ωi
2 Ωm
1
(Aiopt A
s
opt)
1/4︸ ︷︷ ︸
∝1/√DiDs
∫
L
2r (z) p12(z)∂zu˜m(z) E∗ωs(z) Eωi(z) dz . (16)
Di(Ds) is the characteristic diameter of the incident(scattered) confined electric mode.
We finally obtain Eqn.(1) of the main text
g0 = K 1√DiDs
∫
L
2r (z) p12(z)∂zu˜m(z) E∗ωs(z) Eωi(z) dz , (17)
where K = 1
2 effr L
eff
opt
√
4 ~ωs ωi
2piΩm
.
Using the usual acoustic and dielectric room temperature parameters for this AlGaAs system, and for the photoe-
lastic parameters described in Supplementary Note 5, we obtain the reported single-photon photoelastic coupling rate
for the ∼180 GHz superlattice mode of
g0 = 2pi × 1.7 MHz .
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